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^i^ w^ I MPROVED SUPPORT FOR GHROMOPHORIC ElfflMENTS 

f^^ present Inventton relates to /irtpraviiig tixe 

detection of chromophoric or chxomogenic signals directly 
or indirectly connected to chemical yor biological cells, 
S molecules or ntacromoleculee fixed to supports. 

The term "chromnptLoric ^i^ns^l^" or "Ghroraogenio 
signal" meanfl any light signal eTtiitted directly or 
indirectly after excitation by suitable light or after 
en^syroatic trans foxmeifcion of a cl^toitiogenic substrate. The 
10 category of chroinophoric or chrorriogeni c signals includes 



colorimetric, photo luiTiin©scent/{ fluorescent , 
chemoluminescent and bio luminescent signa-ls and the like. 
Such signals axe emitted either directly by the tnolecules 
or interest or by eleTnencs a4ded to them ana/or grafted 



15 onto them, such as colorant^ molecules or certain types of 

4^ ssmiconducting nanostructiiires such as quantum wires or 

f'^ boxes . /r 

The technologies used in cell and molecular biology 

. ' to detect and quantify ^he presence of a molecule usually 

p 30 exploit such signals and are detectsd by spectrometers, 

1j f luoritneters or Luminometers equipped with 



phot oimilt ipl ier s . / 

The term ^^molecule" as used here means any type of 
molecule or macromol4cule, isolated or bonded to a 

25 Structure or to another molecule. Examples thac can be 
cited are nucleic ^acids or oligonucleotides, proteins or 
polypeptide saquances and antibodies or fragments 
thereof. The terra '^molecule" can also mean chemical 
molecules with a particular affinity for a specific 

30 ligand. Ebcamples that can be mentioned are the molecules 
' obtained eromyhigh througt^ut: syntheses and their 
selection us/ng combination chemistry techniques . 

The accessibility of biological material and the 
search f oty'the presence of a particular molecule in a 

35 complex mixture have led to the development of 
miniaturi,sed techniques that employ ''chips'' , 



'^microarrays'' and ^'macroarrays" . The moLecules to be 
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inveafcigated or to be qxA^tified (targets) are brought 
into the presence of specific known llgancis (protoes) 
fixed on a support oc a substrate that is currently 
farmed from glass, silica, nylon or a metal* A target is 
5 detected when it couples to a fixed probe (or specific 
ligand) because nhe target carries a chrowopliore (it ie 
possible for the probe to caxry the chroinophore) - 

The term "^supporf or ^substrate" as used here means 
any Tieans tbat can support chroTnopKorie elements - As a 
10 result, it may be a monolayer structure or a multilayer 
structure- The monolayer or one of the layers of the 
multilayex can i>e a substrate that ia commercially 
available and possibly modified. 

The respective arrangements of targets, probes and 
'^^1 IS chroraophores are interchangeable. This text refers to 

probes integral with a support and with which Che targets 
interact, but it is possible for the targets to be 



integral with the support^ and the probes could then 



interact therewith* 



'^^ 20 The probes can bo f iscad on their supports m 

different manners. Examples are chemical addressing, 



electrochemical addressing, or addressing using a 
technology similar to the inkjet technology used in 
printers. 

25 A detailed review of that subject can be found in 

the article by F. Bertucci et al.. Human Itolecsular 
Genetics {1999), 8_, n** 9, pp. 1715-1722. 

ThQ sensl^ilviuy of the detection means currently 
used necessitates the presence Of at least 10* molecules 

30 of a single category to obtain a significant response. 
Further, as tnore and mora probes are being moijnted on 
ever smaller support©, it is becoming particularly 
difficult to detect the origin of luminescent signals or 
colorimetric signals generated after coupling or 

35 probe/ target hybridization. 

Conventional solutions for improving measurement 
sensitivity have up to now consisted of enhancing either 
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tlie eiritted sigixal, fox example using radioactive 
targets , or the quantity of material tiiat can be 
liybridized or coupled. However, such solutions are not 
satisfactory . 

5 Other solutions require optical eye terns with a very 

vide numerical aperture and/or immersed systems, which 
are incompatible with the rapid scaxming recjuirements oC 
large arrays. 

United States patent US-A-6 008 892 describes a 
10 device for supporting chromophoric elements which 

comprises a rigid base with a reflective sirrface, for 
example metal, covered with a transparent layer, for 
C3 example silica,- on which the chromophoric elemenus are 

r\ fixed. The optical pathway between the reflective 

g« 15 surface of the base and the upper face of the transparent 

yj layer is an odd multiple of one quarter wavelength of the 

M excitation light for the chromophoric elements, such that 

O"^ the standing wave of the incident excitation light has an 

^ antinode at the level of the chromophoric elements . 

20 Chromophore oOTitatican is then a maximum- The reflective 



base can also enhance collection 0£ the fluorescence 
emitted in response to excitation, by practically 
l3 doubling the solid angled over which fluorescence is 

ffj collected by a microscope system. 

23 Hxe aim of the present invention ia to further 

improve detection of the light emitted by chromophoric 
elements in response to light excitation. 

To this end, th« invention provides a device for 
supporting chromophoric elements of the type defined 
30 above, which can concentrate at least a portion of the 
li0ht emitted by the chromophoric elements in a selected 
region of space^ to allow it to be captured- The term 
^concentrate"' as used here means firstly, recovering the 
light emitted by the chromophoric elements in a portion 
35 of the region ajround in, then constraining that recovered 
light to reach one or more collection zones. 
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ThuSr tiie invention pxovides a device for flupportingf 
at least one chromophorlc elements contprising a substrate 
having an upper surface on whtch. said chromophcrio 
element is fixed and means for enhancing the cfuantity of 
5 light emitted by the chromophoric element towai'ds a 
collecting device f said means forming part of a group 
comprising reflective means placed in the substrate at a 
distance from its upper surface « characterized in that 
this group al&o coivprises: 
10 • microlenses each associated with a chromophoric 

element and functioning in transmission or in 
H reflection; 

0 • diffraction means placed at a distance from the 

C3 

q Ghrompplioric element or elements and functioning 

i» 15 in transmis&icn or in reflection; 

* first reflecclve meane and second reflective means 
Lis pajra.llel to each other and placed either side of 

01 the chromqphoric element or elements to define an 

asymmetric resonant cavity; 

20 • a planar wave guide Eormed in the substrate below 

^ the uprper surface carrying the chromophore or 

pt ohrompphores , to capture a portion of the light 

n emitted by the chrorrtophore or chrotiophorea into 

nj the substrate and/or to supply excitation light; 

25 » a configuration of the upper surj^ace Of Che 

substrate, formed wells with a reflective 
bottom and filled with a material vith a suitable 
index each receiving a chromophorie element; 

• planar resonators formed in the upper surface of 
30 the substrate; 

and an that the means enhancing the quantity of 
light emitted by the chromophorlc element or elements 
comprise at least one of the means belonging to said 
group . 

35 The device of the invention thus aime to modify the 

optical enviroiament of each chrgmophoric element such 
that a large proportion cf the light it emits Is 
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30 mirror and the ctoromopliores) , and intended to 

sreflect; cn^ liglxt emitted by th^ ehromophoric 
elements towards the selected region in apace. 
The first far mirror can be produced in the form 
of a staclc of dielectric layers; 

35 • microlenaes each associated with sl chromoptuoric 

element, and which can function in transmission or 



•if 



collected* ihe yield is improved, along with the 
sensitivity of molecule detection tests • 

In addition, for certain particular applications 
requiring excitation light fox the ehromophoric elements/ 
S the invention allows the excitation intensity to be 
reduced. 

In some embodimeni:s , this invention can also improve 
rejection of the excitation light collected in the 
dececLor, and as a result improves the signal-to-noise 
10 ratio (S/N) , 

In some embodiments, the invention can also 
fpi. reinforce optical excitation of the chromophores in 

£3 addition to reinforcing collection of the light emitted 

by said chromophores. 
15 A nunber of embodiments can be envisaged, depending 

on whether Che modification to the ^^ironment of the 
chromophore relies on geometrical optics and/or wave 
optics effect. 

s In the field of geometrical optics, for exan^lei ] 

20 where propagation of emitted and/or incident radiation 
{excitation radiation) is governed by the laws of 
geometrical opfcicfi^ there may be provided; 
p 4 a first, "^tarr" min-or integral with (or formed in) 

nj a substrate at a distance (d) from the 

25 chromophores, the; distance being large with 
respect to the emission wavelength iX) , i.e.^ 
satisfying the criterion d > nk/2ta? (where ^NA" 
is the numerical aperture of the collecting lens 
. ^nd ^^n" is the index of _the..ttiedium.b^twe.ej;i th^ 
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ixx reflection, i.e., by fcciising forwards or 
backwards, as ±s the case with a Fresnel mirror; 

• small wells, filled with a material with a 
suitable index (preferably high) and the bottpm of 

5 which is reflective, and each capable of receiving 

at least one chromophoric element onto this 
filling material; 

• diffraction means functioning in trangraiseion or 
in reflection and placed at a selected distance 

10 from the chromophoric elements; 

• if the chrotxiophoree emit into a planar waveguide 
(the chromophores are not necessarily placed in 
this guide) , channels defining a blazed grating to 
collect fcho light emitted by the chromDphoric 

15 elements in the direction of the support means and 

CI to guide this light towards the collecting device; 

4^ • parallel linear structures produced in the upper 

^^3 forward face of a substrate in the form of 

channels (or grooves) or ribs, which may be u, V 
20 or parabolic in shape, filled with a material with 

P a suitable index, with a reflective base, capable 

PJ of receiving at least one chromophoric element on 

this filling material (between them, at their tops 
or at their centers) ; 
25 •a plstnar waveguide for guiding chroTHophore 

excitation light by minimizing diffusion of this 
light into the neighboring media; 

• in the absence of a collection waveguide, it is 
possible to provide a matrix of charge coupled 

30 detecting (CCD) devices associated with the rear 

face of the substrate, at least some of the | 
datecting elements being electronically addressed i 
in correspondence with at least one chromophoric 
element. In this case, between the matrix and the 
35 substrate, a layer forming an interference mirror 

is advantageously provided, arranged SO as to 
reject cbromopborics element excitation light. It 
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is also possible to couple the pixels from a CCD 
detector either to sites carrying active or empty 
chromophoric elements or non accive chromophoric 
elements, o=r to sites having a reference activity 
5 signal, to obtain, by differential measurement of 

the pixels from the CCD detector, the signai of 
Che active cbromophore with an Increased S/N ratio 
by subtracting the background noise emd stray 
excitation aigixal . 
10 in the wave optics fiield, for example, where 

interference phenomena are employed to reinforce or 
reduce optical waves, it is possible to have: 

• a first reflector (or mirror) known a& the ^near- 
mirror analogo\is to that for geometrical optics 
Q 15 hut placed at a dietance (d) from the chromophores 

C3 so rhar said reflector provides an interference 

effect to attplify collection of the light emitted 
':f^ into the support (d satisfies the relationship 

^ d < X)X/2m.^ > , and coupled to the excitation waves 

01 20 arriving ab the chrotnophorea with a non zero angle 

8 of incidenoe with respect to the normal to the ? 

support. This angle of incidence also reinforces | 
excitation when doxible resonance exists, i.e., | 
coincidence between the antinodes in the field for \ 



fij 

p 25 the two excitation wavelengths ikoxc) and emission | 

PJ wavelengths [Tl^) . Detection remains centered on \ 

the normal to the support; 
w this first mirror^ placed below the chrompphoric 
elements, can be combined with a second semi- 
30 rt=:flective mirror placed above these chromophoric 

elements/ substantially parallel to the first 
mirror and at a eelected distance from it to 
define an asyraraetrie resonant cavity^ in 
particular of the Fabry- P^rot type, delivering the 
2B light collected through the second mirror. In a 

variation, the second mirror or exit mirror can be 
below and the most reflective mirror at the 
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emiCted wavelength caj:i be aJ^ove, this latter 
ittiarror possibly being aubetantially transparent at 
the excitation wavelength. In general. In the two 
cases, a dovtole resonance condition analogous to 
5 that of the near mirror can be satisfied, taking 

dist&nce d to be that which separates the 
chromophores from the most reflective mirror. The 
second mirror can be deposited directly either on 
the substrate or on the entrance faoe of an 
optical collector, or it may be constituted by the 
diopter of an existing entrance face; 

• a planar waveguide capturing a large fraction of 
the light from the ehromophcxes emitted Into tihe 
support, and preferably provided with the means 

15 mentioned above for channeling the captured light 

^4 towards the collecting de-icer 

4» • a planar resonator formed in the substrate around 

each chromophoric element, intended to Store the 
electromagnetic energy from the field it induces 
20 and arranged so that the associated chrotnophorie 

J3 element Is subetantially positioned on an antinode 

fg in the electromagnetic field. It may coTiisrisa 

concentric circular channels or grooviBs (at least 
two) at the center oz which is placed a 
25 chromophoric element. it may also conrprise 

rectangrxlar or parallel channels or grooves 
defining a lamellar grating; 
- £1 two-dimensional (2D> or three-dimensional (3D> 

array of holes o^r columns defining a photonic | 
30 crystal, preferably of the photon band gap type to ? 

control light propagation in its region, which may j 
go so far as to fcrbid it; 3 

♦ means for concentrating light that cause localized 5 
resonajotces by local reinforcemient of the 

35 electromagnetic field induced by the presence of c 

nanometric structures (for example islets} which | 
may or may not be regular, or nanomatxic holes, 
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produced in selected metala, in particular silver 
tAg) , These na»oraetric islets or holes are 
capable of enhancing emission and also excitation 
such as in surface enhanced Raman scattering 

5 (SBRS) ; 

• means for concentrating light comprising an 

asyininetric resonant cavity, in particular of the 
Fabry- Perot type, intagrated into the sxjbstrate 
below the upper layer, this layer being at least 
10 partially permeable, vertically and/or laterally, 

to allow the chromophoric elements to migrate 
towards selected sites relative to the resonant 
cavity. This cavity is prefexably defined by 
I'* first and second mirrors, and the upper layer is 

C5 preCerably produced in a poxoue material, for 

y example silica gel. Further, th« upper layer can 

J con©rise holes at selected locations to encourage 

y'3 migration of the chromophoric: elements towards the 

sites. 

Certain Of the etnbodiwientB described above can be 
taken in combination, to further improve light j 

? 

jlj collection. ^ 

U Tjie invention concerns all fields in which the j 

W dervice described above can be used, in particular in | 

25 biology, biochemistry and chemistry. | 

''^ More particularly, it concerns the use of a device I 

of the type described above and the use of biochips j 

intended to allow the detection of pairs of target and | 

probe oligonucleotides, such as DHa. strands, detecting an | 

30 interaction between target polypeptide sequences or j 

proteins, labeled with a molecule that is capable of i 

directly or indirectly emitting chrooiophoric or | 

chromogenia signals, in particular 1-amnescent, ; 
fluorescent or eoloritaetric signals, and probe 
polypeptide sequences or proteins, and detecting the 
interaction between probe chemical molecules and target 
chemical molecules. 



20 
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other characteristics and advantages of th^ 
invention will beoame apparent from the £ollowinq 
detailed description and the acconcpanylng drawings, in 
which.: 

5 • Figure 1 is a highly diagranima^ic cross sectional 

view of a device in cLCCordance with the iaventionr 
with a ^far" mirror formed solely from dielectric 
layers, or hybrids of dielectz-ic and metallic 
lay^ers; 

10 * Pigiwres 2X ^d 2B ar© highly diagrammatic croes 

sectional view© o£ devices of the invention with 
tairrored wells; 
. Figure 3 A is a highly diagiramTnatic cross sectional 
view of a device in accordance with the invention, 
p IS with a »^near" mirror coupled no a non zero angle 

'"^4 of incidence excitation; the curves of Pigurea 3B 

^; and 3C respectively illustrate graphs of the 

luminescence intensity ( | Eciuo{2) | and excitation 
5^ intensity {|Ee^CS) T) as a function of the side 

3 20 (o^ thickness) 

P . Figures 4A and 4B are highly diagrammatic cross 

W sectional views of devices in accordance with the 

itrvetition with a resonant cavity; 

• Figure 5 is a hi^ly diagrammatic cross sectional 
25 view of a device in accordance with the invention, 

with a planar resonator with groores; 

• Figure 6 is a highly diagraimnatic cross eectional 
view of a device in accordance with the invention 
with a planar resonator and a waveguide; 

rKo • Figure 7 is a highly disgrammatic cross sectional 

view of a device in accordance with the invention 
with a groove structure coupled with CCD type 
detection elements; 

• Figures 8 to 14 are highly diagrammatic cross 
3S sectional views of different variations of the 

device in accordance with the invention; 



m 
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• Figura IS ifl « highly diasrammatic cross gectiOMl 

view of the top of the device of Pigwxe 14. 
TJhe accompanying dravrings Illustrate derinitive 
eTObodiments, As a result, they not only serve to 
5 describe the invention, but if necessary they also 
contribute to its definition. 

m the following description, reference will be made 
to devices Cox sv^ortiag ehromophoric eletnents 
comprising at least one support on which multiple aones 
10 are produced to receive probes which axe to be coupled to 
targets. In the deeoribed application, the targets and 
probes are oligonucleotides such as DNA strands - 
However, the invention is not limited to that 
appliaation; the targets and probes could be proteins or 
p 15 polypeptide sequences, or more generally any type of 

"■4 chemical, biochemicaa or biological tnolecule, 

4^ The device of the invention is intended to recover 

at least a fraction of the light photone emitted by 
chroraophoric elementfl into a part of the region 
surrounding them, so that they are delivered to a 
O selected region in epass© in which a collecting device is 

disposed, such as the bbjectlve of a microscope coupled 
to a phot ©detector, for example a photomultiplier or a 
matrix of phocodetecting elements, for example of the CCD 
25 (charge coupled device) type. 

To recover photons, the support device comprises 
means for concentrating light which can be classified 
into two different categories depending on whether they 
function in accordance with the laws of wave optics or of 
30 geometrical optics. 

Reference should firstly be made to figure I to 
describe an embodiment of the device of the lixvantion 
functioning in accordance with the laws of geometrical 
optics . 

35 The device comprises a support i formed from a 

substrate 2 in which a reflective mirror 3 is formed at a 
distance <d» from its upper face 24 . The mirror can be 



20 
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forrned by depositing a layer that ii» highly reflective aC 
the working wavelengths (emission wavelengths of the 
chroiHophores) . In a variation and as illustrated, the 
mirror is constituted by a multiplicity of dielectric 
layers 3. The substrate 2 and the dielectric layers 3 
can be produced from semiconductor materials or from 
oxides or glasses. As an example, £or ST. emieaion 
wavelength ( W.) of the order o£ 600 nanotnetere (nm) . 
layers of SiOa can be selected (with a refractive index 
ni = x.s) and with a thickness el » X/4nl = 100 nm, and 

layers of TiOa {with a refractive index n3 - 2.5) with 
thickness e2 - A./4n2 = 60 n,Ti. in this example, 2 to 10 
paiM of layers are rccjaired. with an SiO^ layer as the 
first layer- 

Q J.5 However. Other materials can he envisaged, such as 

H jiitrides (SiaN*) ot organic or organometaiiic polymers, 

f Che polymers possibly being either amorphous (isotropic 

P material) or "orientated" and birefringent. More details 

01 regarding the particularly advantageous reflective 

s 20 properties of birefringent polyrtier layers, in particular 

|5 vhen using two polarizations, can be found by referring 

to the article by Weber et al-, in Scienca. vol. 287, p. 
'pi 24S1, March 31*^, 2000- 

□ in tha illustrated einbodiTneat , the mirrcr is 'far" 

iij 25 so as to function in accordance with the laws of 

geometrical optics. The term »£ar mirror" means any type 
of reflective structure functioning, because of its 
distance from the chromophores , in accordance with the 
laws of geometrical optics and not in accordance with the 
30 laws of wave optics (interference phenomena) - In other 
words, the mirror is a distance d from chromophores 5, 
distance d satisfying the criterion: d > nX/2NA%- where 
^NA" is the nuinerical aperture of the objective 
collecting the light emitted by the chromophores at a 
35 wavelength (X) , and 'n- is the index o£ the medium 
betvgeen the mirror and the chromophores. 
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Such a "far' mirror, which is reflective, can 
multiply by about two the nuniber of photons collected 
substantially around the direction n normal to the upper 
face 24 of support 1, the angle of incidence of the 
5 excitation light on face 24 being any angle. 

Once produced, the upper face 24 of support 1 first 
receives the different probes ix. the selected locations, 
rrho probes »a;« fixed onto support 1 using addressing 
techniqaes that are fcnovm to the skilled person, which 
10 depends on the ns-ture of the probes and on the upper 

surface 24 of support 1. As an examiple, it is possible 
to use a chemical addressing technique, or . 
electrochetnicaX addressing, or a technique eimilax to the 
1*^ Inkjet technique employed in printers. 

C3 j^g Supports 1 equipped with their probes are then 

brou^nt into conimunlcation with the targets, for estample 
by immersion, bo tliat certain targets interact with 
certain probes. The term ^interaction* as used here 
H means any type of coupling or hybridization or palritig 

20 that can form target/probe pairs In a relatively durable 

f J tnanzidr . 

pj AS an example, the targets ax-e dna atrajids provided 

M with luminescent rnarkers. The term ^^luminescence'' as 

^ised here means any type of light ©Tnissioii, induced or 
25 spontaneous, such as photolumitiescence , fluorescence oir 
phosphorescence- In certain applications £or which it is 
not possible to fix lumineacent markers onto thfi target 
or the probe, luuxiineecence is locally ©nanred by- 
structures onto which the target/probe pairs are fixed • 
30 This is particularly the case in certain aeniiconductor 
structures such as quantum wires and bosses I see the 
document by Bruchez et al,, science 281, p. 2013, 
septecnber 25*^ 1998) / or colorants whereby the pair fixed 
thereon acts as a luminescence destroyer or amplifier. 
35 In this case/ the substrate (mono or multi-layer) can be 
produced from semiconductive materials. 
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in this invention, therefore, the term "chromophoric 
elenieixC" mean^s any element that is ceipei>le of directly 
indirectly emitting a ghroraophoric signal or a 
chroiuogeaic aignal. followiiis excitation by a suitable 
s light or after QTizyroatic transformation of a chromogenic 
substrate- tt oaxi thus be ^.Itheir a target /prob^ pair 
integral with the upper surface 24 of support i and which 
can spontaneously emit or be induced zo emit light 
phocona, or a three-dimensional structure which, once 
10 associated with a target/probe pair, emits light 

spontaneously or in an induced manner, or an eleinent that 
ia integral with the substrate and which, once associated 
with a target/probe pair, changes its behavior emitting 
rmich more or tmich less than in the absence of the pair, 
Q 15 whether the emission is spontaneous or induced* 

P Thus, th© invention aims to encourage collection of 

photons emitted by chromophores, and in particular all or 
% a portion of the light that would be emitted in the 

lI direction of support 1. It should be remembered here 

CI 20 that about 70% of the light emitted by the chromophores 

^ is lost in the substrate and the remaining 30% is not 

P necessarily captured by the collecting device, because of 

ll limitations in the collection aperture. 

Ui In a variation, support 1 of the device can cowprise 

£3 25 microLonaeB that may or may not be structured and located 

t\j substantially below each chrottiophore 5, functionir.g in 

transmission or in reflection (raicromirror) , i.e., by 
focusing forwards or rearwards, as is th© case for 
FresneX mirrors in particular. It is also possible to 
30 use dif tractive devices placed at distances that are 
sufficiently large compared with the wavelength of the 
emitted light, tinder these conditions, the diffraction 
means function in accordance with the laws of geometrical 
optics, and their characteristics (angles of incidence 
35 and eitiergencc) are fixed hy the laws of oratings. 

One particular grating embodiment consists of 
redirecting the light using a synthesized holographic 
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be placed above the same well 

The reflective nature of the three-dimensiMial 
structures is produced by roetallio or dielectric 
depoeihfi. The wells are filled by any method suitable 
for the desired material, preferiibly a dieleatric method. 
Plat filling can be envisaged, such as in the ease of an 
epoxy resin that soLidieies flat, or by flattening in the 
case of a convex deposit:, or without intervention, £or 
exaic^le in the case of a concave dielectric. 
35 preferably, as shown in Figure 2B, wells 19 axe 

parabolas of revolution, and tha geometric focaX point is 
located at the intended location for the chromophore <un 
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arating d-e., resulting from calculating an optical 
trans £ex function using methods Joiowa to the skilled 
person) . More details regarding the ability o£ these 
holographic gratings to redirect vavea guided into a 
5 plane or outside a plane can be obtained by referring to 
Martinsson et al., lEBE Photon Tech. Letters ii, 503, 
1999. and Larsson et al-, SPIE Proc. 3626. 1999. 

Reference should now be made to Figures 3A and 2B to 
describe a particularly advantageous further enibodin»ent . 
10 In this embodiment, small wells 19 Cor three-dimensional 
reliefs) are foirtned in the upper portion 13 of support 1. 
These reliefs can be produced using different techniques 
for defining patterns (such as lithography and 
serigraphy, e-baam exposure) , followed by techniaues for 
§ 15 forming reliefs (such as chemical or dry engraving, using 

Cj plasma, ion beam, plasma and/or reactive ion beam) , and 

JS also directly by emboeeing. 

f) After depositing a reflective layer 20 (or a 

nniltilayer assetnbly with reflective properties at the 
20 wavelengths of intereot) on the bottom of each well 19/ 
it is filled With a filling toaterial 18 with an index n2, 
preferably a high index, then chromophore 5 is placed on | 
the upper surface of the filling material 18, | 
Q substantially in the focal point (center) of the well 19. | 

ftj 25 A. plurality (at least two) of chromophores can c^tionally | 
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filling material IB) , to permit idealized collection of a 
maximum of tlie emitted light. BttiissiOTi from a 
clirGraophore placed a rew nanometers (ran) from a ra/n2 
interface sends the light inainly into a cone with an 
5 iSLngle spread betwe^ a critical anal® = ^in"^ (nl/n2) 
and Gc 10*=^ or 20"- More details regarding this 
mechanism can be obtained from the articles by Lukoszs W. 
and Ktina, E* r J- Opt- Soc. Vol- 67^ pp. I€15-i61d 

(1^77), Lxikoss W.^ J- Opt. Soc, Am. Vol S9, pp. 14S5-1503 
10 (1979). and Lukosz W,; Phys. Rev. B, vol. 22, pp- 30:iO- 
3038 (1980) . The well can also Se an ellipse of 
revolution, to form an upstream real imaee of the 
chromcphore located at the downstream focal point. 
Facetted wells of revolution can also be envisaged, the 
p 15 facetting being n- dimensional, where n is 1 or more. It 

'^.J is also possible to produce welle with a three- 

4« dimensional facetting (n = 3), when the material lends 

^ itself to chemical engravi^ig revealing preferred crystal 

planes . 

20 It is also possible to concentrate the emitted light 

with simple grooves, for escatrple in the form of a U or a 
V, or parabolic or even elliptical. 
^ in the embodiments descrll>ed above, it ±a also 

possible to improve rejection of the excitation light by 
25 omitting to render reflective the regions of the wells 
illuminated by particular angles Q (incliiding three 
dimensions) - As an example, for a beam in a cone of 
revolution with on angle 9 and a fooal point located at 
the position of the chromophore, the reflective treatment 
30 must be omitted over- a ring 21, over a parabola of 
revolution, and if possible this region 2 must be 
rendered non x-eflectiver non diffusing^ but rather, 
absorbing, for example. Under these conditions, it is 
possible to obtain strong rejection combined with a high 
35 signal by rendering reflective only the projection of 

this angular region onto the well, by fixing an angle of 
excitation that is not in this angular window. 
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Since the absolute quauitity of light emitted 
spent aneoualy or in an induced msinner by chroraopboires 5 
increases with the index n2 of the filling material IQ 
because of the higher probability of a radiative chaiuiel, 
5 which is proportional to a power of n2/ materials with a 
higti index n2 are preferably selected . 

To detect channeled phocons/ the use of 
electronically addressed matrices of photodetecting 
elements is particularly advantageous, such &s charge 
10 coupled devices cr devices formed using metal -oxide 
semiconductor (MOS] technology, being the cheapest 
currently available matrix detectors. 

preferably, thesse detectors are uaed to directly 
p Corm support 1 or substrate 2^ which previeiits any loss o£ 

Q IS light and retains radiation inclined beyond tHe critical 

4S angle of the support-air interface. With a detector 

yj separated from the support t>y a medium with a lov/ index, 

H guch a? air, these trays will be totally reflected and 

will not reach the detector, 
20 CCD matrices can be produced on a silicon substrate, 

for e^catnple, so that tlaey function at visible 
l^L wavelengths, in the near infrared/ or even in the near 

PJ ultraviolet- These matrices are resistant to certain 

P heat treatments^ fluid or other, necessary in the 

25 production of the device o£ the invention. Further, such 
photodetectors contprise photosensitive elements (or 
pixels) (as shown in the example of Figure 7) the 
dimensions of which can be in the range from S 
micrometers (|im) to 50 ^m and which, as a result, enable 
30 very high probe densities to be employed on that support. 

When luminescence is induced, it may prove necessary 
to diepofle of the phot ©excitation light, which may 
saturate (or blind) or even destroy tlie photodetection 
elements. Two solutions can be envisaged^ A first 
35 solution is suitable for cases in which luminescence 
decreases more slowly then the period between two 
acquisitions. In these cases, it is possible to carry 
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out pulsed rapid photo-excitation to *etng>ty'' the 
acteotion pixel© o£ the CCD iratrix before acquisition. A 
second soluTiton consiscs in adding iniarrors, for escanrple 
interference mirrors, or mirrors of another type (colored 
5 filters, for exarttple) or a. combication of mirrors of 

different types, strong rejectors of excitation radiation 
(with a cypicol value of lesa than. 10'*, if poaeible less 
Chan io"'> , while providing a transmission window for the 
radiation from chromophoree 5. Clearly, these two 
10 soliitione can be coinbined together to further ic^prove the 
collection results . 

This means Chat microlenses or a mirror can be 
dispensed wich^ while retaining the possibility of 
p oaLxarylng out complementary functions, of the wavelength 

15 filtering type^ at the collecting device. 

The signal -to -noise (S/N) ratio can also be inrproved 
using a differential method of the type described below. 
A fxr«t detection pixel is placed facing each 
g"l cbromophorc/ and one or mpre other detection pixels are 

s 20 placed to the side of this first pixel to collect the 

O remainder of the emitted light, which has not been 

conoent rated by the means of the invention/ or any stray 
light. A differential measurement of the signal received 
by the pijscel associated with the chroniqphore and the 
fij 25 signal received by the neighboring pixel or pixels 

produces a better S/W iratio and can dispense with various 
sources of noises and atx-^y signals. 

tfe now refer to Figures to 3C to describe a 
further embodiment of a device of the invention, 
30 functioning in accordance with the laws of wave" optics. 

More precisely, in this eratodiment we create double 
resonance to reinforce the collected light and excitation 
light . l!!he first resonance concerns the emission 
wavelength r while the second resonance concerns the 
35 excitation wavelength- ^hts double resonance is produced 
by determining the coincidence of the antinodes in the 
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electric field for the two wavelengths, excitation an<a 
^niission. 

A stipport 1 is used of the type described above with 
reference to Figure li i.Q.# compriaing a reflective 
5 mirror 3 formed from dielectric or metallic layers. 

However, in contrast to the example o£ Figure 1, v^ere 
the mirror is a far mirror, in this eirbQdiment the mirror 
is a ^near" mirror, in other words, it is placed at a 
distance (d) from the chromophorea that satisfies the 
10 criter-ion: d < iiA,/2NA^» 

tJnder these conditions^ an interference effect is 
produced that can enhance the collected energy by a 
factor o£ four. More details regarding this mechanistti 
can be obtained £rom the article by Benisty et al., IEEE 
IS J- Quantum Electron, vol- 34, lfil2, 1998. 

This near mirror condition is combined with a 
condition regarding the angle of incidence 0 of the 
y3 excitation light with respect to Che normal N to the 

upper smrface of support 1 CconCQntrated light is 

Hi 

' 20 collected substantially perpendicular to the upper 

3 

f =^5 surface of support 1) - 

f^j The spacing a of the field santinodes at wavelength X 

U in a tttedium with an index n illuniinated by a wave the 

l"^J incidence of which in an eternal medium, vith an iiide:)C 

25 Hert/ is 9/ is given by: 

£ =1 (V2n)/cos(arcsin((neact/n)*sin(9)) , 
a»cE is the spacing of the antinodeis for an 
excitation at an angle 6, and is the spacing of the 

antinodes for fluorescence detected at Qttw, (generally at 
30 about 0 degrees, but this angle can be offset to the 
ttiiddXe of the collection window of the lens, i.e. : 

sinCGgxuJ - Na/2. 

The choice of excitation angle G (for a conical beam) 
allows the spatial position of the antincde for the 
35 excitation light iX^) to be adjusted and to achieve 
adequate spatial coincidence with the antinode of th©/ 
emitted light (Xfioo) - 
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More precieelyi 6 must be found by satisfying the 
following condition: 

where £ and m are the smallest possible whole 
nuinbers. This is achieved by starting from a convenient 
low value for m of lese than :20, and trying values of £ 
that are lower th&n or equal to po ^ tft* (Xeniio/^''toce) r or a 
little higher if the penetration depths ol the mirror 
vary rapidly with the wavelength in the region under 
conisideratiorL- Values of G are found to ±ncrea3e as g 
decreases; we stop at the p^ir (ra, p) that is the most 
convenient and the smallest, taking into accoxmC the 
other conatxalnta on support ntanuf actxire. 

For better adjustment, the penetration depths ap«a 
into the mirrors must also be taken into account, as the 
^3 mirrors are not ideal mirrors. These depths are only a 

email fraction of X for metals, but are given by 
? (X/2n^^>*(iWx/2An)) for a multilayer Bragg mirror type 

stack, n^ being the mean of the indices of the two 
20 layejrs and An being their difference in index. 

The exact condition to be satisfied to «ind 6 is 

then: 

- (p + )jj^ad«e + apa^(?wj} = (in + hi)*a.^uQ apaii(^fXuo) 
It should be noted that in this case, optimisation 
25 o£ the thicknesses and coirqpositions of the reinforcing 
absorption layers does not in practice depend on the 
mimeriaal apeictures considered* 

It is also poeaihle to envisage that an assembly of 
layers could be anti-guiding as regards the plane of the 
30 chroniophores 5, i.e., -hat the tendency of the modes that 
propagate in this assembly to capture the light emission 
is lower than a substrate with the same mean ixxdex as 
these layers. Photons that are not emitted in thie 
asseiribly of layers aaro then found substantially in the 
35 collection cone, especially when this cone ie quite 
large. 
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Reference should now be made to Figure co 
describe a further embodiment of a device of the 
invention, functioning in accordance with the laws of 
wave opclcs. 

5 in this embodiment, a support 1 is provided of the 

type described above with reference to Figure 3A, i.e., a 
substrate 2 cotoprieing a naa-r mirror, raflective, formed 
from dielectric layers 3, for example, and a secsond 
^mirror 7, sena-r^lective, placed above the chromophores 

10 ab a set distance (d) fr-om the upper surface 4 of the 

first minror. The distance d between this^ upper sxirf ace 
4 of the first mirror and the lover surface S of the 
second mirror 7, facing it, ie selected so that the two 
mirrors define an asymitietrie resonant cavity of the 

iS Febry-PSrot type* 

The distance {dl) between the first mirror and the [ 
chromophores is selected to enewca the presence of a > 
field antinode at chromophores 5/ and is thus 
subst^sntially dl = (ti + ^ ^psa (XfitK,) . The 

20 excitation angle 9 can be selected in the same manner as 
indicated above for a siniple mirror t and the most 
favorable of the values of 6 are selected taking the 
properties of the second mirror into account . 

The second semi-reflective mizTrar 7 allows photons 

25 ernitted by chrotnophores 5 placed on the upper surface 4 
of first mirror 3 to traverse it, and as a. result to be 
detected by a collecting device (placed above the second 
mirror 7) , Such a second semi -reflective mirror 7 can 
advantageously be formed by the lower f acG of an 

30 objective of the collector. It may be that face 
directly^ or a coating deposited thereoa. Since 
adjustment of the resonance wavelength with respect to 
the emission wavelength (timing) must be cjuite accurate 
(of the order of about 1%) , an adjuster can be pirovided 

35 on one o£ the slements of the device (for exeinple the 

support or an external tnirror) of the piezoelectric type 
controlled by an optical in ^itu measux-etrient o£ 
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resonanoe. Further, t'nia adjuster can be envisaged to be 
coupled to the collecting device, or mounted so as to 
allow the auzrface of support 1 to be scanned. 

In a variation^ the second semi -reflective mirror 7 
5 can be formed on the lower face of a coverslip Of the 
type used for microscopic observations. Because of the 
very small diroeneions of resonant Fabry- Perot type 
cavities, typically the coverslip can be placed over 

the chromophores 5. interposing a fluid (constituted, for 
10 example, by the biological saniile itself or by a wetting 
liquid) , and the cavity thietoesa is th«n controlled by 
controlling the pressure applied to the coverslip, wMch 
can optionally be coupled to an automatic optical 
O control. 

P in a further embodiment of the invention, shown in 

Figure 4B, the resonant cavity is made all of a piece, 
the upper layer and the upper mirror 7 being integral 
P with the aubstrace 2, and the sitae for positioning the 

fl-j chromophoree 5 being located inside the structure at 

? 20 optically suitable positions^ given above, relative to 

P the resonant cavity* The resonant cavity is preferably 

of the asyinmetric Fabry- Perot type, and more generally 
delimited by two Toirxors 3, 7 spaced apart by a distance 
(d) selected mainly as a function of the working 
HJ 25 wavelength and the Tnaterial5 used. These two mirrors are 

preferably of the type described above, i.e.^ In the form 
of a multilayer dielectric structure. 

Access to the internal sites by the chromophoree S 
is achieved by any means rendering the upper layer 22 at 
30 lea^t partially pernieable. vertically and/or laterally, 
AS an example, porous materials such as silica gel can be 
used- These materials can also Include holes to 
facilitate migration of the chroraophores^ towards the 
internal sites. 

35 Reference should new be made to Figure 5 to describe 

a furcUer eciibodiTnent o^ a device of the invention* in 
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which the light concentrating means function in 
accordance with the rulee of wave optica. 

In this embodiment, support 1 is formed from a 
substrac© 2, the supper surface 24 of Which comprises a 
5 wultiplicity of holes 11 each intended to receive a 

target. The holes allow the chroiuophores to be placed in 
locations where the fi^ld of the resonator is a maximum. 
Their depth is between aero and the depth of the grooves 
of the resonator, described below. These holes are 
10 preEarahly arranged in a regular maimer, to collect the 
light emitted by chromophoire 5 forraed by interaction of a 
probe with the target lodged in a hole 11, a planar 
xeflonator 12 xb formed sround each hole 11. 

C3 

Such a resonator can, for exairple, be constituted by 
15 a series of concentric channels (or grooves) 13, opening 
^2 at the upper surface 21 and with widths and depths 

4J selected to provide the properties of confinement and 

N extraction of the light emitted at their center. More 

precisely, this resonator is arranged so that the 



a 



20 electric field has an antinode at the level of hole 11 



pj containing chromophore S and so that it ctores 

.U electromagnetic energy, the light being recovered at the 

pj channels (or grooves) 12 then transmitted to the portion 

Q located above the surface 4, following (approximately) 

25 the arrows, to be captured by a suitable collecting 
device - 

The grooves can be a few micrometers deep or can 
equal or exceed the radii . The groove width must be 
equal to about a fraction of the emitted wavelength, 
30 typically of the order of 0*1 vim. 

The size of the circular resonator is determined by 
the following conditions 

radius = CVSsmoff) ^z^^ft 

-where Ti^^ix is the u^^ zero of the Bessel function of 
35 order m, CTwCz) . This is meant for a resonator with a 

perfect Zatereil mirror; n<i£c is the mode of the subjacent 
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planar guide if it exists. iE net it ia the iixdex of the 
solid in which the resonator is defined. 

For multilayer mirrors, the presence of an antinode 
at the edge of the resonator roust be taken into account 
5 instead of a field node at the edge of a perfect mirror 
resonator. Thus^ a quarter wavelength liae substantially 
tc be added: 

radius (X^/^mefc) *Zrp,Ti + X/(Ana,£f). 

Preferably, the groove pitch is substantially equal 
10 to a niultiple of (X/ZTtn^ff) or very slightly higher (5% to 
20%) . rhie choice ie suitable Hot very thin multilayer©/ 
A,/8 to k/^O, cue lower limit usually being fixed by 
technology. This groove width cojitrolfi the penetration 
length of the wave into the circular ^mirrox^ . 
Q 15 Other types of planar resonator can be envisaged. 

P Lamellar arrays can be produced with rectangular grooves 

or parallel grooves with dimensionB similar to those 
mentioned above « A two-dimensional ox- thr^e -dimensional 
U photonic crystal can also be produced by forming holes or 

20 hollow column placed in selected locations in the 

substrate, at its upper portion 10. As an example, the 
holes can be round and form a triangular array/ ondtting 
a certain number of them to form the resonant cavity- 
Such planar resonators (concentric grooves and 
25 photonic crystals) are described in the document ^Optical 
and confinement properties of two-dimensional photonic 
crystals", J. Lightwave Techn.., vol, 17, pp. 2063-2077^ 
1599, H, Benisty, C, Weisbuch, D, liabilloy, m. Rattier, 
C- J. M- smiths T» F. Krauss, R. M. De La Rue, R. Houdr^, 
30 U. Oesterle azid Ga9@agzie. 

If their dimensions are selected for resonance with 
chnromophore 5, these planar resonators have resonant 
modtfrs that can remove a large proportion of the emission 
from this chT-omophore . These resonant modes are shown 
3S highly diagramraatically as the dotted lines in Figure 5. 
Further, these planar resonators ensure coherent 
diffraction, similar to Bragg type diffraction, which can 
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redirect the energy of the resonant mode towards the 
collecting device. 

In a variation, a. very BrnaLl resonator can be used, 
typically 2X/n or 2\/n. m this case, the reaonator can 
5 be anti-reeoneoit over the whole wavelength range of 

chromophore 5, yrftiich inhibits emission in the pl^na and 
encourages ems^ion along the vertical/ i.e.^ 
perpendicular to the upper surface 24. Coupling of the 
photodetecting elements then allows the light to be 
3.0 collected. 

in the case of photonic crystal type structures, it 
ia possible to use those known as photon band gap type 
crystals which have the property of forbidding 
propagation of light through theni; forcing all of the 
O IS electromagnetic energy of the light emitted by the 

3 chromophore 5 outside them, even when the chrorrophore 5 

is located at a distance of several wavelengths (A-) from 



P 2S 



]^ the interior of the photonic crystal. 

When no longer resonant, i-e., when they have 6l2es 
gl 20 or radii of tnore than about lOX., the groove structure or 

^ photonic crystal type structure can be used to diffract 

C3 the light guided from the chr omophore . These structures 

tend towards geometrical optics and function well for a 
certain vaoriety of incident wavelengths and no longer for 
one or more overriding modes. This configuration has the 
Pj advantage of requiring less rigorous dimenBional 

tolerances of the probes in the horizontal position, 
while in the case of a resonator, the sis^ of the 
antinode in the electric field tnust typically be aboiit 
30 3L/2n, i,e., less than about 200 nanometers. 

Concentric grooves, lamellar gratings (rectangular, 
parallel or v shaped grooves or the like> and photoxiic 
crystals all have spectral/angular windows in which their 
behavior is not reflective and can be rendered 
35 fiKtractive* Optionally, extraction can be carried out 
via a euhatrate, on the back of which tnicrolenses 
(functioning in accordance with the laws of geometric 
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optics) can be placed to augment the quantity of light 
collected* 

in a further embodinn^nt of the invention, localised 
tesonancee are created of the type that occur in surface 
fi exisLEiGGd Raixian ecatcering. These resonances result from 
Local reinforcement of the electromagnetic field ind-aced 
by Che presence of nanotnetric structures, such as 
nanometrlc Islets, or nanometric holes, formed from 
particular metals such as silver (Ag) or gold (Au) . 
10 Local reinforcement primarily concerng einission/ and also 
excitation. More precisely, it is possible to uoe 
resonances either to reinforce the excitation light 
(Xesce) / or to couplc the light emitted by the chroitiophorcs 
(Xenis) to collecting means. To this end, it is possible 
p IS to deposit on a sitnple substr-ate, or a structured 

P substrate as descrited above, irregular films of silver 

'■^^ {or organized silver nanostructurea) onto which probes 

are placed- More details of these nanometric structures 
or holes can be dbtained by reference to articles by W, 
fil 20 L. Barnes and V. A, shubia et al., published in IBBB 

^ Journal of Lightwave Technology, vol* 17, p. 21-83, 

J- Novecober 1999* 

Reference should now be made to Figure 6 to describe 
a further embodiment of a device of the invention, in 



1-^ 



""^ 25 which the light concentration means also function in 



k 
p 

PJ accordance with the laws of wave optics. 

In this embodiment, a planar waveguide is provided 
below the portion of the support on which the 
Chroraophores 5 are fixed, xo this end, for e^xample, it 
30 is possible to deposit a high index layer 14 on the upper 
face of a substrate 2, the index of the high index layer 
also being higher than that Of the upper layer 16 
carrying chromophores 5. However, the structure can 
remain a guiding structure in the absence of the upper 
35 layer 1^, as the s]d.lled person will hnow. 

More complex guiding structures can be envisagesd to 
position the guided modes of the light emitted by the 
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chromophores in a paorticular manner, for example SO that 
the field is as strong a© possible at the surface. Such 
a structure can, for exatrple. comprise a substrate 2 with 
a very low index (no upper layer IS) and a guiding layer 
5 ^^tli an index ajidi thickness selected at the limit of the 
niode cutoff condition. More details on this cutting 
csondition can be obtained by reEerence to Chapter 8 in 
*^Light Transtftission optics' (Van Hoatrand, New York, 
1972) by D- Marcuse- 
10 Such guides can be monomodal or multiTnodal in type. 

In this latter cas© (multimodes) , if the nutnbor o£ modee 
is really high, and a9 a result, the guide is very thick, 
then the structure will function in accordance with the 
laws of geometrical optics. Further, this type of 
P 15 guiding structure can be very restricting or Isss 

O restricting depending on whether there is a large or 

ji' small difference in index between the surrounding layers. 

yi Further, these guiding structures can be optimised so as 

M to capture ei large fraction of the light r either in a 

ff^ 20 single mode^ or in an overriding proportion of these 

modes if they are multimodal , to facilitate light 



fil extraction 

i 



I When the light concentration means cotnprise only a 

|1j guiding structure 14. the guided modes are channeled to 

P 25 the front of the structure, it i3 then possible to 

collect the light by coupling the ends of the waveguide 
to a suitable collecting device, sjueh as fiber optics, or 
tnicroscope objectives. 

IC is also possible to focus the collecting device 
30 at different depths inside the guiding structure to 

isolate successive lines of chromophores 5. One example 
of this type of focusing is described in the document 
"Use of guided spontaneous emission of a semiconductor to 
probe the optical properties of two-dimensional photonic 
35 crystals^i Appl . Phye, Lett., vol, 71, pp- 738-740, 1997, 
Da jiabilloyi H- Benisty, C. Weisbuch, T. P. Krauss, R. 
Houdrs ajid Oesterle. 
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To allow collection of guided modes on a single side 
of Bupport 1, grroove or channeled etruet-ures can be 
provided around each chxomopliore and open into the 
guiding structxire, to produce a species of blazad grating 
s tliat chaimels the Qiuitted light to a service side of the 
guiding structure, where detection 13 made. 

As illustrated in Figure 5,. It is also possible to 
add to the guiding etructur© 14 a further structure 
forming a planar resonator^ of the type described with 
10 xefexence to Figuare 5- ^ an exaTr^le, it is possible to 
form concentric grooves (or channels) 15 around 
chromophore 5, to redirect the guided modes via the 
guiding structure 14 towards a zone located above said 
chromophores 5 . 

^^4 15 In a variation, it is possible to replace the 

4^ grooves or Channels 15 by a two-dlTr^nsionai or three- 

^3 dxnieT:ieional photonic crystal constituted by holes or 

columns, as described above. 
J; " Reference should now be made Co Figure 7 to describe 

20 a further embodiment of a device aceording to the 

InvBiLtion, also functioning in accordance with the laws 
l'^ of wave optics- 

W 111 this embodiment, the device of the invention 

coir^rises a substrate 2 the upper portion 10 of which is 
25 formed with relief structures with recesses or bosses- 
Preferably, these structures 6 axe channels or ribs that 
are linear and parallel to each other, for example in the 
form o£ a U or a V (as in the example shown) , The size 
of these structures is of the order of the workixig 
30 wavelengths The probes can be placed either at the top 
Of the structures Cas shown) or at the bottom of the 
fitructurea, i.e-, in the space joining ths lower portiona 
of structures 6. it ie also possible to associate metals 
with dielectric supports^ for example by depositing 
3S patterns of metal over all or some of che ribs or 
grooves - 



ilj 



sr ! 



Received 02/03/2002 12:31PM in 17:18 on line m for ^OALSTOM*J>g 35/54 
esu.& par: 33 (0)1-42.66.08.90 Gutmaaxi - tlasseraud le 06/02/02 18:28 M £TOSll Pg: 3S/54 

As is known by the skilled person/ at cc^rtatn 
locations, in particular their top, such Btructiires 
induce chaJineling effect© on the Light (sec the arrows in 
Figure 7), As a result, by placing the pnotodetecLing 
5 elements (or pixels) 17 below the relief stiruGtures 6 on 
which chromophor«s S are fixed, it is possible to harvest 
the photons eminted by the chromophores into the 
structures and channeled thereby* The light emitted in 
the direction substantially opposite to the direction of 

10 the charmaled light can be collected by other 

phot ©detectors placed above chromophores 5» As indicated 
abwe, these photodetecting pixels can be CCD elements 
forming a detection inatriX/ for exaniple. 

Integration of a CCD photode tec ting matrix 17 with a 

IS s\ibstrat4S 2 carrying chroTiiophores 5 is shown more 

coinpletely In Figure 8, which shows that substrate 2 
cotttpriseSf below chromophores 5, reflective means 3 with 
a ntultilayexed structure, and an absorbent layer 23 that 
is inaezisitive to angle o£ incidence and located between 

20 reflective layers 3 and photodetectors 17. The 

reflective layers 3 ensure a inaxitinini ^citation and 
emission field at the chromophor-es an.d prevent the 
excitation light from propagating by simple transmission 
and by diffusion towards the phot odet acting matrix 17. 

25 The abso37bent layer 23, as used for RGB filters in 

photography and in color CCD arrays, has an absozption 
band and thickness selected to reduce cross -color and/or 
enhance the signal -to -noise ratio at photodetectors 17. 
This produces a gain of 10 or 100 times as regards 

30 extinction of the excitation light/ without greatly 
degrading collection of the fluorescence emitted by 
chromophores 5, 

These improvements also apply to an embodiment of 
the invention where the CCD detector is not integral with 

35 substrate 2 carrying chromophores, but located at a 

sufficiently small distance for each ch^romophoric element 
to be facing sufficiently well defined pixels. 
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In the variation shown iix Pigfure 9, chrotnqphoxee 5 
carried by substrate 2 are excited by a damped wave. To 
ttiig end/ siibstrste 2 comprises a guiding layer 25 
analogous to the layer 14 in Figure 6, with an index that 
5 is higher than that of the surrotinding layers and wherein 
the upper face is very close to chxomophoreB 5 on the 
scale of the wavelength of the dainped wave of the guided 
^ wave- The guiding layer 25 is edge lit (after cleaving 

or cutting and polishing) or by means of a grating (for 
10 example/ a thin layer 26 of photosensitive resin on the 
guiding layer in a neutral zone of substrate 2, with a 
low thickness modulation of i to 100 nm, allowing light 
to be coupled by illumination using a laser with a 
|«s suitable coupling angle determined by applying the law of 

O IS gratings* Regarding the remainder, the device of Piguare 

9 contains reflective layers 3 and absorbent layers 23 
that have already been described with reference to Figure 
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In a variation, chromophoree with different colors 
20 are detected- The chrcniophores are illuminated by one or 
TOore excitation wavelengths Xbxqi and possibly X^x^a and in 
response « emit two wavelengths, respectively ^fiuoi# ^«lw2* 
U In this case, it is possible to recover separately the 

nj signals for each color on pixels or cloee groups of 

^•^ 25 pixels all facing chioniophores 5 using wavelength filters 

such as those described above, but individualized to each 
pixel or gi^oup of pixels. In addition to detecting two 
colors, this can use the advantages of differential 
treatifient of the signals from the two colors. The 
30 principle extends to several colors. 

A further embodj-Tn^nt, shown diagraTnmatically in 
Figure 10, allows the detection of chromophores with 
different colors at each point S on si:ibstrate 2. The 
device is reminiscent of that of Figure 5 and 
35 additionally con5>ri5es a second matrix 27 of CCD 
photodetectors 17 placed above the chroraophores # 
interposing an objective 23 and a rejecting filter 29 
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between tJie choromophores ^nd the second matrix 27. Tfte 
ctLromaphDr-ea 3 ax-e illuminated by tvro sjccitation 
wavelengtlie X«xci and Xexca and in response r emit two 
wavelengths # respectively Ktmai, ^fiuos- Tie absorbent 
5 layer 23 o£ substx-ate 2 foxros a spectral filteiT for 

rejecting excitation wavelengths and one wavelength A'E1tio2 
emitted by chromophores 5, by allowing the other 
wavelength. Xfiuoi emitted toy chromophores 5 to pciss 
through. Filter 2^ associated with the Beoond matrix 27 
10 stops the excitation wavelengths and the wavelength Xumi 
emitted by chromophores 5^ allowing the wavelongth 
to pass through* If necessary, an absorbent layer 53 of 
the type described above can be associated with filter 

15 A variety ot light collecting devices are 



□ 
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diagratnmatically ahawn in Figures 11 to 16 by way of 
y3 example only. 

H The collecting device in Figure 11 coinpirises a CCD 

«^ type photodeteatlng matrix 27 or the like receiving the 

20 luminescence emitted by the chromophores carried by 
support 1/ paeeing through a filter 2& for rejecting 
i^i^ excitation light axid stray luminescence emitted by 

flj support 1 . Excitation of chromophores by a wavelength 

Q X«,3OT takes place at a non zero angle of incidence with 

Hi 25 respect to the normal to the mipport 1^ by means of a 

daric field type coupler, routinely used in episcopy and 
metallography, placed between the support 1 and filter 
29, It receives the excitation light from the side and 
returns it towards the support at angles of incidence 
3 0 that are bigher than the numerical aperture of objective 
31- objective 31 coUecta the luminescence emitted by 
chromophores in the direction perpendioiilar to support 1, 

In the variation shown in Figure 12, we see the 
photodetector matrix 27 and filter 29 of the device of 
35 Figure Hi and eupport X is illuminated by a sepaz-ator 
cube 32 associated with a ndrror objective 33 of the 
Cassegrain type (Cassegrain^Schmitt) which encourages 
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det:Qction ac a non zero angle with respect tc the normal 
to support 1, aa shown by the arrows. Excitation passes 

via a central opening formed in the ref looting niiirroar of 
ca© objective and Calls on support i with an almosti 
5 normal angle of incidence* 

The collecting device of Figure 13 corresponds to 
that described above vitK reference to the resonant 
cavity of Figure 4A? in this device, the second mirror 7 
is formed on the lower face of the entrance lens 34 of an 
10 objective 35 of the collecting .device. The optical path 
between mirrors 3 and 7 is a. multiple of ^£ii4©/2. 

In the device of Figures 14 and 15, which 
corresponds to the embodiment of Figure lumincscenca 
etnitt«d by chromophoxes S into an upper guiding layer 25 



C3 

IS of auibstrate 2 is recovered at one end by an objective 
'"^J shown at 36, Figure 15 shows the sit jstion in which the 

4^ guide points matching with the detector encourage 

selective detection of one o£ che chroraophoree on which 
focusing is better^ conipared with the others, in which 
20 emission is not in the focal plane and is not 

concentrated in the detector (or in the pixel in the 
pj detector matrix) , which allows dAecrimination between the 

M chrowophores located at different distances from the edge 

of the guide. 

P 25 
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